Long-distance trade in obsidian from sources in the southwest Pacific has been well-docwnented for the Lapita culture complex, beginning about 1600 BC Analyses of obsidian artifacts from recent excavations at Bukit Tengkorak in southeastern Sabah (Borneo, Malaysia) indicate the use of obsidian from multiple sources in Melanesia as early as the 5th millenniwn BC The archaeological presence of obsidian, up to more than 3500 Ian from its source, is the surviving evidence of what was almost certainly the longest Neolithic trade route in the world. In addition, these results indicate that long-distance trade networks existed in Indonesia at least 2500 years prior to the Lapita culture, and strengthen hypotheses of its origins in southeast Asia.
INTRODUCTION
Obsidian is a natural volcanic glass, typicallY of rhyolitic composltlon and without any significant crystalline structure, which was widely used for prehistoric stone tools because of its conchoidal fracture and extremely sharp cutting edges. Obsidian is fonned only under certain geological conditions and the number of sources in a single geographic region which are suitable for stone tool manufacture is limited. The combination of a homogeneous chemical composition within individual obsidian sources and a restricted number of potentially exploitable sources almost always permits the confident attribution of an archaeological artifact to a single geological source using modern instrumental methods of elemental analysis, at least in regions where the geological sources are known and well-characterized. Numerous provenance studies of archaeological obsidian have demonstrated the long-distance <trade' of this material while the resulting distribution patterns are usually interpreted in tenns of prehistoric sociopolitical and economic systems [I). Obsidian source lists and relevant information are maintained by the International Association for Obsidian Studies on the World Wide Web [2J-At least 66 obsidian sources exist in the southwest Pacific, and these have been studied, analyzed and catalogued over the last 20 years by 1.R. Bird and his colleagues at the Australian Nuclear Science & Technology Organisation's Lucas Heights Research Laboratories in Sydney [3-12J-Some obsidian sources were locally exploited as eady as 20,000 BP; the most expansive use of obsidian, however, seems to have occurred during the period when Lapita voyagers colonized the eastern Melanesian and Polynesian islands and brought obsidian and pottery-making skills with them [9, 13] . The distribution of obsidian from a 'homelands' area in New Britain and the Bismarck Archipelago, eastwards to Fiji [I4J, represents a linear distance of at least 3300 km.
Lapita links to the west ofNew Guinea have been the subject of some debate, with some scholars favoring a predominantly Melanesian development of the Lapita culture, and others preferring a predominantly southeast Asian origin. Obsidian artifacts have been discovered at several sites in Indonesia (Bandung Plateau, Bogor, Besuki and Lake Leles in Java; Djambi and Lake Kerinci in Sumatra; Rundung Cave in Flores) and the Philippines (RizaJ, Laguna, Bulacan, and Cavita Provinces) but appear to have come from local sources [15] [16] [17] [18] [19] . The lone exception is the rock-shelter site of Bukit Tengkorak in northern Borneo, where Melanesian obsidian has been found in levels contemporary with the Lapita culture [20] [21] .
ARCHAEOLOGICAL RESEARCH
Test excavations in 1987 by P. Bellwood and P. Koon of the rock-shelter complex at Bukit Tengkorak ('Skull Hill'), on the coast 5 krn south of Sempoma in southeastern Sabah (Borneo, Malaysia), produced a total of 188 pieces of obsidian (total weight S8 g) from a volwne under 2 cubic meters, with 95 of the 99 pieces from secure stratigraphic contexts dating between about 900 and 400 BC [20] [21] . Of the 12 obsidian artifacts analyzed, 5 match the Talasea source (now known more precisely as the KutauIBao sub-source) in New Britain and 7 match a few artifacts from the Talaud Islands in Indonesia for which no geological source has yet been identified [22] [23] .
Further excavations were conducted in 1994 and 1995 by a joint Universiti Sains Malaysia and Sabah Museum team under the direction of S. Chia, with three additional trenches excavated at the rockshelter at the top of the hill, and three more about 30 feet below the rockshelter. In levels dating as early as 4300 Be, traces of Neolithic occupation were discovered. The inhabitants were probably an Austronesian-speaking people with origins in the Philippines, who may have lived in raised·floor houses, had domestic dogs, pigs, and chickens, and probably cultivated rice, millet, sugar cane, yams and other crops, although at Bulcit Tengkorak they also consumed significant amounts of seafood judging from the mollusk and fish remains found there. They used polished stone adzes, the bow and arrow, and traveled in canoes, probably with outriggers and sails [24] [25] . At Bukit Tengkorak, large clay deposits and abundant pottery wasters in open hearths were found, indicating that the site was a major prehistoric ceramic production center. 198 pieces of obsidian (total weight 60 g) were also discovered, mostly in the form of tiny flakes less than 2 cm in length, along with occasional bladelets and a few exhausted core fragments. Since no obsidian sources are known to exist in Borneo, the simple presence of obsidian in such early contexts implied long-distance trade prior to the Lapita period, and the identification of the sources present at Bukit Tengkorak became of greaf significance for our understanding of Neolithic exchange systems in Malaysia and Indonesia.
OBSIDIAN ANALYSIS
Visual examination of the obsidian assemblage revealed examples ranging from black, highly translucent and very glassy, to grey-black, less glassy, and totally opaque, and each artifact was attributed to one of six visual types based on these characteristics. Fifteen samples each from trenches G 17 (levels 13-26) and J 19 (levels) 2-24) were selected for analysis with aU visuaJ types represented. The electron microprobe, equipped with wavelength dispersive X-ray spectrometers, was chosen for the analysis since this technique provides rapid, inexpensive and quantitative concentration data for all major and minor elements. A detailed description of the application of this technique to obsidian analysis has been published elsewhere and need not be repeated in its entirety here [26] .
Only a small, 1 mm sized sample is required, so the method is minimally destructive. The samples were mounted in one-inch diameter epoxy disks and polished flat using a succession of finer grit grinding wheels and diamond paste, a process which is necessary to produce quantitative results and which also eliminates surface Jayers subject to chemical aJteration by abrasion, leaching and hydration. After sputter-coating with carbon to prevent electrical charging, the samples were analyzed for 11 elements by the authors using the Cameca MBX microprobe located in the Department of Earth & Planetary Sciences at Harvard University, using a 15 KeY beam with a diameter of 40 microns. The X-ray detectors were calibrated against pure mineral standards and a hornblende reference material was repeatedly analyzed to insure inter-laboratory and inter-method comparability. Three different points on each sample were analyzed to protect against the potential heterogeneity ofmicrolite inclusions. Two of the ninety measurements were rejected; the results for each sample were then averaged and nonnalized to 100% (Table I) .
DISCUSSION AND CONCLUSION
Exploratory statistical and graphical examination of the data revealed that obsidian from at least three chemically distinct sources was utilized at Bukit Tengkorak (Figure 1) . Group A consists of 17 samples, all of which belong to the very glassy, highly translucent visual types; group B consists of 12 samples, all but one of them less glassy, and less translucent or even opaque; one sample, also less glassy and totally opaque, represents group C. Careful comparison of our microprobe data with the Lucas Heights database [7, 27] indicates that group A matches the very well characterized KutaulBao (Talasea, New Britain) source, already known for its wide distribution in Melanesia (and also to Bukit Tengkorak) in the Lapita period. Group 8 matches the Talaud artifact group, defined by only a handful of specimens from the Talaud Islands and from the earlier excavations at Bukit Tengkorak. The single sample in group C comes from one of the Admiralty Islands (Lou Island) which consists of a succession of volcanic flows: three (Solang, Umrei, Wekwok) match group C. These three sources are extremely similar in their major/minor element composition, and the potential for slight differences between analytical methods warrants against a unique attribution until we have the opportunity to analyze sufficient source material ourselves.
Most of the KutaulBao samples come from later levels at Bukit Tengkorak (15 in levels 12-19; 2 in levels 22-24), while most of the Talaud group samples come from earlier levels (8 in levels 22-24; 4 in levels [12] [13] [14] [15] [16] [17] [18] [19] , suggesting chronological changes in the relative importance of different obsidian sources. It has been argued that geographical proximity of archaeological site to geological source was the most important factor in earlier periods, while mobility patterns and social networks became of greater significance in later periods [10] [11] . We must be cautious, however, in the interpretation of our Bukit Tengkorak data since the analyzed samples were not selected randomly from the overall assemblage. The single piece of Admiralty Island obsidian is from one of the later levels.
In conclusion, our findings demonstrate that long-distance, maritime trade networks existed between southeast Asia and Melanesia by the late 5th millenniwn BC. This suggests that at least one :,>ulI(Heasl ASU1.rtte archaeOlogical presence at bukltfengkoraK of obSidian more than 3S0u ion from its source is the surviving evidence of what was almost certainly the longest stone-age trade route in the world.
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